The development and persistence of lymph node structures appear to be controlled by elements draining into the node via the afferent lymphatic vessels. In a previous study, we presented evidence suggesting that the lymph follicles provide sites for germinal center development (HosHI et al., 1984a) . Our observations further indicated that the lymph follicle itself is a reactive structure which develops in the superficial cortex in response to certain substances carried into the node via the afferent lymphatics; these may include some antigens and non-antigenic agents. BELISLE and SAINTE-MARIE (1981a-c) found that the deep cortex of the lymph node consists of one to several deep cortex units, each of which is associated with the opening of the afferent lymphatic vessel; they proposed that the substance(s) present in the afferent lymph may be responsible for the development and persistence of the units.
If antigens and other elements normally draining into the lymph node were prevented from entering the node by blockage of the afferent lymphatics, many of the lymphoid structures of the node might become affected and fade away.
In an attempt to test this assumption, we previously performed surgical operations to interrupt the afferent lymphatics to the popliteal node in the mouse (HosHI et al., 1981) . Unexpectedly, however, following the operation the operated node became hypertrophied with an increased accumulation of lymphocytes in the parenchyma and sinuses, and these changes persisted for 15 weeks of observation.
During this period, the deep cortex of the node remained expanded, and lymph follicles were well preserved even though Interruption of afferent lymphatics to the rat popliteal node has been performed by others (ENGESET and NESHElm,1966; HENDRIKS, 1978; HENDRIKS et al., 1980) , but no detailed description has yet been given of the changes in lymph follicles and deep cortex units of the operated node. We therefore reexamined the rat popliteal node after interruption of the afferent lymphatic vessels.
MATERIALS AND METHODS

Animals:
Male Wistar rats, 8 and 12 weeks of age, were used in this study. They were kept in cages with free access to food and water.
Surgical operations: A surgical operation to interrupt the afferent lymphatics to the popliteal lymph node was performed on one side in clean but not sterile conditions under Nembutal anesthesia.
The methodological details have been described previously by HOSHi et al. (1981) . A longitudinal incision was made over the popliteal fossa. The lateral marginal vein and accompanying lymphatics were ligated at the lowest edge of the popliteal fossa and the vessels and supporting fascia were cut. In each animal, the afferent lymphatics to the popliteal node of the left hind leg were interrupted, while the popliteal node of the right hind leg was left untouched. Blockage of the afferent lymph flow was verified by injecting 0.4% Evans blue in saline into the ipsilateral footpad 30 min before the animals were sacrificed.
Histology: Animals were killed at 2, 4, 8, 12, 16 and 35 weeks after the operation. The popliteal nodes on both sides were removed, cleared from the surrounding fat and weighed. The specimens were then fixed with Zenker-formol fixative or buffered 100 formalin, embedded in a JB-4 kit and sectioned serially at 3 tcm. One of every two sections was mounted and stained with May-Grunwald and Giemsa solutions. Two series of serial sections were prepared from the f ormalin-fixed material.
One series was stained with May-Grunwald and Giemsa solutions, while the other series was silverimpregnated following a modified Bielschowsky's technique (Isxii and Isxli,1965) .
Examination of the serial sections was carried out to determine the number of lymph follicles, germinal centers and deep cortex units present in each node. In addition, three sections were selected randomly from among the serial sections which were cut through the central part of the lymph node, and the total area of the lymph node and the areas of the various regions (superficial cortex, deep cortex and medulla) were measured under a light microscope, using an image analyzer (Digiplan, Kontron, Munchen).
The three regions of the node were delineated as illustrated in Figure 1 . Demonstration of lymphocytes bearing surface immunoglobulin in tissue sections: Operated animals were sacrificed at 16 weeks after the operation, and the popliteal lymph nodes from both sides and the liver were removed.
Each node was inserted into a slit in a small block of the liver and was rapidly frozen using a dry ice-acetone mixture.
Cell surface immunoglobulin was detected by an indirect immunohistochemical method in 6 pm frozen sections, fixed for 30 min in acetone. Peroxidase staining was carried out as follows: l hr incubation at 3T C with rabbit anti-rat IgM serum (Fujizoki Chemical, diluted 1:10), 5 min washing in PBS, 30 min incubation with peroxidaseconjugated anti-globulin serum (Fujizoki Chemical, goat anti-rabbit IgG, diluted 1:10), 5 min washing in PBS, and 5 to 20 min reaction with diaminobenzidine and H202. Injection of 1131-HSA: Rats at 10 weeks after the operation and control animals of the same age were studied. One hundred pCi in 0.1 ml of 1131-HSA (Daiichi Isotope Lab. :1 mCi/1 ml containing 10 mg albumin) was injected into the footpad or the popliteal f ossa of the left hind leg. When the route of injection was the tail vein, 300 pCi in 0.3 ml of I131-HSA was injected.
The injected animals were sacrificed at 4 hr after the injection, and the popliteal, inguinal and lumbar nodes from both sides, as well as the spleen were removed.
The radioactivity of each specimen was measured in a well-type scintillation counter (Nuclear, Chicago, Model 1085).
RESULTS
Verification of blockage of afferent lymph flow
Routine examination for blockage of the afferent lymph flow was made by injecting a solution of 0.4% Evans blue into the hind footpad on the operated side 30 min before autopsy.
In some animals, the Evans blue solution was also injected into various sites on the hind leg on the operated side. In 50 of 58 operated animals so examined during the period of 2-35 weeks after the operation, the injected dye did not find access to the popliteal node on the operated side.
In order to observe the degree of blockage in quantitative terms, 1131.HSA was injected as a tracer into both operated and unoperated rats. The results are summarized in Tables 1 and 2 . The lymph flow from the footpad to the popliteal node was almost completely blocked when examined at 10 weeks after the operation.
However, the operated node may have continued to gather lymph from a small area around the popliteal f ossa, as suggested by the presence of radioactivity in the node after 1131-HSA injection into the popliteal fossa. The areas of each region are expressed as the percentages of the total area of the contralateral node. At each stage, 4 to 8 animals were used.
Lymphoid architecture of the untreated popliteal node
The normal architecture of the rat lymph node has been described in detail by SAINTE-MARIE and his co-workers SIN, 1968, 1970; BELISLE and SAINTE-MARIE, 1981a-c; SAINTE-MARIE et al., 1982) . A brief description of some aspects of the popliteal lymph nodes only is therefore given here. The deep cortex consists of 3-5 semispherical or semi-oval deep cortex units (Fig. 4) . In the superficial cortex, lymph follicles were readily distinguishable from the extrafollicular zone, being densely packed with small lymphocytes (Fig. 9) . In silver-impregnated sections, lymph follicles were observed as spherical structures containing sparse argyrophil fibers (Fig. 11) . Although the total number of lymph follicles varied from node to node, we recognized approximately 100 follicles per node, and about 600 of the follicles proved to contain germinal centers. Macrophages were frequent within the sinuses. Numerous plasma cells were present in the medullary cords. Mast cells were scattered in the superficial cortex, and also in the marginal and medullary sinuses. The data indicate the proportion of radioactivity (cpm/mg) of the nodes on the injected or operated side against that of the comparable nodes on the non-injected or unoperated side.
Morphology of the lymph node on the operated side During the period of observation, the weight of the popliteal node on the unoperated side, though showing some fluctuation, remained at around 11 mg (Fig. 2) . At 4 weeks after the operation, the popliteal node on the operated side was significantly smaller in weight than that on the contralateral side (p < 0.05) (Fig. 2) . Thereafter, the weight on the operated node continued to decrease and reached its lowest level at 12 weeks.
In parallel with the decrease in weight, the operated node decreased in size (Fig. 5,  6 ). Figure 3 shows the changes in total area of the operated node and the areas of its three anatomical regions.
At 8 weeks, the operated node was apparently reduced in size. At this stage, it contained 1.5 x 106 lymphocytes per node, whereas the control node, 3.4 x 106 cells. There was no noticeable increase or decrease in cellular popula- The lymph node in Figure 5 exhibits 3 units, while that in Figure 6 exhibits only one unit or unit complex. In the subsequent weeks, the deep cortex units in the operated node became reduced in number and at 12 and 16 weeks, the operated node usually revealed only 2 units, which were hemispherical in appearance and populated with lymphocytes. Observations of serial sections indicated that the reduction in number of deep cortex units occurred in the following manner: a) the unit became progressively reduced in size and finally faded away (Fig. 8) ; b) the unit became reduced in size and cellularity and was replaced by fat cells and connective tissue (Fig. 7) ; and c) the medullary tissue intervening between two units faded away so that the two apposed units fused with each other.
Following the operation, the lymph follicles in the superficial cortex decreased in number.
By 16 weeks, the number of follicles in the operated node had become half that in the contralateral node (Table 3 ). This meant that about 50 follicles had vanished from the operated node. Lymph follicles disappeared at first from the superficial cortex directly overlying the medullary tissue, and then from the superficial cortex covering the gradually fading deep cortex units. At 16 weeks, lymph follicles were mostly seen in the superficial cortex overlying the persisting units (Fig. 8) . As the follicles faded away, the high-endothelial venules disappeared from the extrafollicular region surrounding the vanishing follicles. It should be noted that structures corresponding to remnants of the faded follicles were barely evident in the operated node in silver-impregnated and May-Grunwald and Giemsa-stained sections (Fig. 10,12 ). With the passing of time after the operation, germinal centers disappeared from many follicles. Plasma cells in the medullary cords, macrophages within the sinuses and mast cells were diminished in number. At 16 weeks, only occasional germinal centers were recognized in the node. Plasma cells and mast cells were sporadically present and macrophages were rarely found in the sinuses.
Two of the four lymph nodes obtained at 35 weeks after operation were small in size, but the other two were relatively large. The smaller nodes remained similar in morphological appearance to those at 16 weeks, while the larger ones showed a considerable recovery of lymphoid organization as compared with those at the 16 week stage.
Follicles with lymphocytes bearing surface immunoglobulin
Lymph follicles represent aggregations of lymphocytes, the majority of which are surface Ig-bearing lymphocytes.
In order to confirm whether or not the structures identified as lymph follicles in the operated node were in fact aggregations of this type of lymphocyte, the popliteal node on the operated side was examined in frozen sections stained by the immuno-peroxidase method at 16 weeks after operation. In the control node, prominent lymph follicles, consisting of surface Ig-bearing lymphocytes, were present in the superficial cortex (Fig. 13) . Many of the follicles comprised germinal centers. The germinal center was observed as a light area within the follicle, because its constituent cells were negative in reaction.
In the operated node, the lymph follicles also appeared as aggregations of surface Ig-bearing lymphocytes, but they were much smaller in size and number than those in the control node (Fig. 14) . Germinal centers were rarely found in the node. Table 3 . Number of cortical structures per whole node at different intervals after operation a: Mean ±SD * , ** : The number of cortical structures in the operated node was smaller (*, p < 0.05; **, p <0.01) than in the unoperated node. Each follicle has rather sparse argyrophil fibers. Fig. 12 . Popliteal node at 16 weeks after operation.
Note that the 3 lymph follicles in the operated node are smaller in size than those in the control node.
x 110 11 12 Table 4 . Number of cortical structures per whole node at 35 weeks after operation
DISCUSSION
In the present study, the afferent lymphatic vessels to the popliteal node on one side were interrupted at the lowest edge of the popliteal fossa, while the contralateral node was left intact. Observations of the distribution of injected dye and I131-HSA indicated that the lymph from a large part of the original draining area of the operated node was blocked from flowing into the node, although a small area around the popliteal fossa was kept drained. After the operation, the popliteal nodes on the operated side underwent major morphological changes in comparison with their unoperated counterparts.
They became smaller; germinal centers mostly disappeared from the lymph follicles and many of the follicles faded away from the superficial cortex; the deep cortex units became reduced in size and number. The regressive changes occurring in the operated node may be related to the reduced entry of antigens and other factors into the node by the interruption of the afferent lymphatics.
The operated node showed a decrease in number of lymphocytes. The lymphocyte population in the lymph node is. largely sustained by recirculating lymphocytes which enter the node via the high-endothelial venules (HEV), and leave it via the efferent lymphatics (GOWANS and KNIGHT, 1964; BENNINGHOFF et al., 1969; FORD and GOWANS, 1969) . In the operated node, the HEV disappeared from the superficial cortex where the lymph follicles faded away, and also from the fading deep cortex units. These changes may have caused a suppressed immigration of recirculating lymphocytes into the node, resulting in a decreased number of lymphocytes.
The present findings are in general agreement with those reported by HENDRIKS et al. (1980) , who interrupted the afferent lymphatics to the rat popliteal node by a different operative method from that employed in this study, These authors demonstrated a marked reduction in number of macrophages in their operated node, and argued that macrophages in the lymph node may influence the immigration of recirculating lymphocytes into the node by affecting the endothelial cells of the HEY.
By 16 weeks after the operation, the lymph follicles in the operated node fell to half the number observed in the normal popliteal node. This meant that about 50 lymph follicles disappeared from the operated node. The lymph follicle comprises a solid accumulation of small lymphocytes, the majority of which are B lymphocytes (HOWARD et al., 1972; GOLDSCHNEIDER and MCGREGOR, 1973) . The small lymphocytes, or B lymphocytes, accumulate in the follicles, because the stroma of the follicles has a capacity to collect this type of lymphocytes, as indicated by our previous observations (HOSHI et al., 1984b) . A sublethal dose of whole body X-irradiation to the mouse caused marked destruction of lymphocytes in the lymph node, and the lymph follicles in the node became free of lymphocytes.
However, the stromal remnants of follicles persisted in the form of small conglomerates of reticular cells, exhibiting a distinctive reticular pattern in silver-impregnated sections. When the lymph node began to be repopulated in due time after the irradiation, the persisting stromal remnants of follicles collected small lymphocytes and reconstructed the follicles. In. the present study, a large number of follicles disappeared from the operated node, but stromal remnants of faded follicles were rarely found in the node. Possibly, the faded follicles may have disappeared because their stroma had lost the capacity to collect small lymphocytes and had been replaced by the stroma of extrafollicular tissue. On the basis of the above observations, it seems possible that the persistence of lymph follicles may depend on the persistence of the stroma of the follicles, and that the stroma of follicles may require a constant supply of certain factors via the afferent lymphatics in order to preserve its capacity to collect small lymphocytes. BELISLE and SAINTE-MARIE (1981a-c) showed that the deep cortex of the rat lymph node consists of several deep cortex units, each of which is in association with the opening of the afferent lymphatic vessel. In the present study, the untreated popliteal node usually contained 4 deep cortex units. Following the operation, the deep cortex units of the operated node became reduced in size and some units finally faded away. Many lymph follicles disappeared from the superficial cortex overlying the fading deep cortex units, whereas follicles located in the superficial cortex covering the persisting units remained.
It seems likely that the afferent lymphatics associated with the persisting units may have continued to drain small quantities of lymph into the node, while the lymphatics associated with fading units were more or less completely blocked. The deep cortex units are thought to correspond to the paracortical regions, or the thymus-dependent area, where recirculating lymphocytes preferentially accumulate after they enter the node via the HEY. The reduction in size of deep cortex units in the operated node may be due, at least in part, to the reduction in number of lymphocytes as a result of suppressed immigration of recirculating lymphocytes. However, the reduction in lymphocytes in the deep cortex unit by itself does not appear to induce the unit's disappearance.
It has been shown that in nude animals and thymus-deprived animals, the deep cortex regions of the lymph node remain wide, even though these regions are almost free of lymphoid elements (PARROTT et al., 1966; DESOUSA et al., 1969; FossuM et al., 1980; DOUGLAS-JONES et al., 1981; SAKUMA et al., 1981) . It seems that a lack of supply of certain factors via the afferent lymphatics, together with the reduction in lymphocytes, may have caused the deep cortex units to fade away from the operated node.
In conclusion, it can be said that after interruption of the afferent lymphatics, the lymphoid structures such as germinal centers, lymph follicles and deep cortex units in the node undergo a gradual but progressive decrease in size and number until the lymphoid organization of the node reaches a balance with a reduced supply of antigens and other factors on which the development and persistence of the lymph node structures depend.
